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VIBRATION SUPPRESSION MEMBER FOR HEAT TRANSFER TUBE, MANUFACTURING

METHOD THEREFOR, DEVICE AND METHOD FOR SUPPRESSING VIBRATION OF HEAT
TRANSFER TUBE, AND STEAM GENERATOR

(57)  In a vibration suppression member for heat
transfer tubes, a manufacturing method of the vibration
suppression member for heat transfer tubes, a vibration
suppression device and method for heat transfer tubes,
and a steam generator, a second anti-vibration member
(102) includes a first support member (111) provided with
a first support surface (112) for supporting an outer sur-
face of a heat transfer tube (66), and a second support
member (121) provided with a second support surface
(132, 135) and a third support surface (133, 136) for sup-
porting the outer surface of the heat transfer tube (66)
with predetermined tilt angles relative to the first support
surface (112), the tilt angles being different from each
other, the second support member (121) being fixed to
a mounting surface (113) of the first support member
(111). With this configuration, a vibration of the heat
transfer tube (66) can appropriately be suppressed.

FIG.1

VIBRATION
SUPPRESSION
DEVICE
100

SECOND ANTI-
VIBRATION MEMBER
102

HEAT TRANSFER TUBE
66 -
SECOND
123
SUPPORT praT

124 MEMBER syppoRT
MEMBER
111

121] 40,
11

122
66

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 960 614 A1 2

Description
Field
[0001] The presentinvention relates to a vibration sup-

pression member for heat transfer tubes for suppressing
vibration of a plurality of heat transfer tubes used in a
heat exchanger, a manufacturing method of the vibration
suppression member for heat transfer tubes, a vibration
suppression device and method for heat transfer tubes,
and a steam generator to which the vibration suppression
device for heat transfer tubes is applied.

Background

[0002] A nuclear power plant includes a nuclear reac-
tor, a steam turbine, an electric generator, and the like.
For example, a pressurized water reactor (PWR) gener-
ates high-temperature and high-pressure water which is
not boiled throughout a reactor internal, using light water
as a nuclear reactor coolant and a neutron moderator.
The steam generator exchanges heat between the high-
temperature and high-pressure water (primary cooling
water) and secondary cooling water to generate steam.
The steam turbine drives a turbine by this steam, and the
electric generator generates electricity by this driving
power.

[0003] In the steam generator, a hollow airtight body
portion is provided therein with a tube bundle shroud at
a predetermined distance with an inner wall face thereof,
a plurality of reverse U-shaped heat transfer tubes are
provided in the tube bundle shroud, ends of the heat
transfer tubes are supported by a tube sheet, and thus
an inlet side channel head and an outlet side channel
head of the primary cooling water are formed at a lower
end of the body portion. In addition, in the body portion,
an inlet portion of the secondary cooling water is posi-
tioned and provided above the tube bundle shroud, a
steam-water separator and a moisture separator are ver-
tically arranged, and a steam outlet is formed on the up-
per side thereof. Accordingly, when the primary cooling
water is supplied to the plurality of heat transfer tubes,
and the secondary cooling water is supplied into the body
portion, heatexchange is performed between the primary
cooling water (hot water) and the secondary cooling wa-
ter (cold water), so that the secondary cooling water ab-
sorbs the heat to generate steam.

[0004] However, in the steam generator, high-pres-
sure water as the primary cooling water is supplied into
the plurality of heat transfer tubes, and the external sec-
ondary cooling water is heated to generate steam. With
this, the heat transfer tubes easily vibrate. In this case,
the lower ends of the heat transfer tubes are supported
by the tube sheet, intermediate portions are supported
by a plurality of tube support plates, and an upper U bend
portion is supported by a plurality of anti-vibration bars.
Each anti-vibration bar is inserted among the transfer
tubes to be capable of suppressing vibration of the heat
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transfer tubes in the out-of-plane direction (stacking di-
rection of the heat transfer tubes) and in-plane direction
(longitudinal direction of the heat transfer tubes).

[0005] On the other hand, the anti-vibration bars sup-
press vibration of the heat transfer tubes in the in-plane
direction with friction between the heat transfer tubes and
the anti-vibration bars. Therefore, when assembling pre-
cision of the heat transfer tubes or the anti-vibration bars
is poor, it is difficult to sufficiently suppress the vibration
of the heat transfer tubes.

[0006] To solve such problem, the techniques de-
scribed in Patent Literatures below have been proposed,
for example. In the heat exchanger described in Patent
Literature 1, a heat transfer tube is held by plane parts
of upper and lower holding plates. In a steam generator
heat transfer tube support structure described in Patent
Literature 2, a flat plate, a corrugated mounting plate,
and aflat plate with a block are used as a support member
for a U-shaped portion of a heat transfer tube. An U-
shaped tube support body with nubs described in Patent
Literature 3 holds a tube with tube contact faces of op-
posed nubs.

Citation List
Patent Literature
[0007]

Patent Literature 1: Japanese Laid-open Patent
Publication No. 60-086393

Patent Literature 2: Japanese Laid-open Patent
Publication No. 62-242796

Patent Literature 3: Japanese Laid-open Patent
Publication No. 2009-024994

Summary
Technical Problem

[0008] The heatexchangerin PatentLiterature 1 holds
a heat transfer tube by plane parts of upper and lower
holding plates. The outer surface of the heat transfer tube
is supported by two points, which might not sufficiently
suppress vibration of the heat transfer tube. In the steam
generator heat transfer tube support structure described
in Patent Literature 2, a heat transfer tube is held by a
corrugated mounting plate and a flat plate with a block.
The U-shaped tube support body with nubs described in
Patent Literature 3 holds a tube with tube contact faces
of opposed nubs. In these techniques, an outer surface
of a heat transfer tube is supported by planes, so that
impurities might be deposited onto the contact surface
to cause corrosion.

[0009] The presentinventionisaimsto solve the above
problem, and an object thereof is to provide a vibration
suppression member for heat transfer tubes for appro-
priately suppressing vibration of heat transfer tubes, a
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manufacturing method of the vibration suppression
member for heat transfer tubes, a vibration suppression
device and method for heat transfer tubes, and a steam
generator. Solution to Problem

[0010] Accordingtoan aspect of the presentinvention,
a vibration suppression member for a heat transfer tube
includes: a first support member including a first support
surface for supporting an outer surface of the heat trans-
fer tube on one surface side; and a second support mem-
ber including a second support surface and a third sup-
port surface which tilt at different predetermined tilt an-
gles relative to the first support surface respectively for
supporting the outer surface of the heat transfer tube on
one surface side, and another surface of the second sup-
portmember is fixed to another surface of the first support
member.

[0011] The vibration suppression member is formed
by fixing the second support member having the second
support surface and the third support surface is fixed to
the first support member having the first support surface.
With this configuration, when the vibration suppression
member is disposed among a plurality of heat transfer
tubes, each of the heat transfer tubes is supported by
the first support surface of the first support member of
one of the adjacent vibration suppression member and
the second support surface and the third support surface
of the second support member of the other adjacent vi-
bration suppression member. Thus, the radial vibration
of the heat transfer tube can be suppressed, whereby
the vibration of the heat transfer tube can appropriately
be suppressed.

[0012] Advantageously, in the vibration suppression
member for the heat transfer tube, the first support mem-
ber has a flat plate shape with a predetermined length,
the first support surface is a plane continuously formed
on the one surface side, the second support member
extends along a longitudinal direction with a predeter-
mined length and has a plurality of concave parts and a
plurality of convex parts which are alternately and con-
tinuously formed, and the second support surface and
the third support surface are opposed planes relative to
the concave part.

[0013] The first support surface is formed by making
the first support member into a flat plate shape, and the
second support surface and the third support surface are
formed by forming the second support member to have
concave and convex parts. With this, three support sur-
faces can easily be formed, whereby the structure can
be simplified, and cost can be reduced.

[0014] Advantageously, in the vibration suppression
member for the heat transfer tube, the concave part and
the convex part each has a trapezoidal shape, wherein
an orientation of the trapezoidal shape of the concave
part and an orientation of the trapezoidal shape of the
convex part are opposite to each other.

[0015] Accordingly, the concave parts and the convex
parts can easily be formed.

[0016] Advantageously, in the vibration suppression
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member for the heat transfer tube, the plurality of concave
parts of the second support member is intermittently fixed
to the first support member.

[0017] The first support member and the second sup-
portmember are intermittently fixed to each other, where-
by a local elastic function can be imparted to the support
members. Thus, the heat transfer tube can elastically be
supported to appropriately suppress vibration.

[0018] Advantageously, in the vibration suppression
member for the heat transfer tube, a predetermined gap
is formed at a position where the concave part of the
second support member and the first support member
are not fixed to each other.

[0019] Withthe configuration in which a predetermined
gap is ensured between the first support member and
the second support member, each support member can
elastically be deformed by an amount corresponding to
the predetermined gap, thereby being capable of elasti-
cally supporting the heat transfer tube and appropriately
suppressing vibration.

[0020] Advantageously, in the vibration suppression
member for the heat transfer tube, the concave part of
the second support member is fixed to the first support
member with a spacer.

[0021] The configuration in which the concave part of
the second support member is fixed to the first support
member via a spacer can allow all of the plurality of con-
cave parts to have the same shape. Thus, the manufac-
ture of the second support member is facilitated, whereby
the manufacturing process can be simplified and cost
can be reduced.

[0022] Advantageously, in the vibration suppression
member for the heat transfer tube, the second support
member includes a plurality of second support member
divided units disposed in serial, and each of the second
support member divided units being formed such that
second concave parts that are not fixed to the first support
member are located at both sides of a first concave part
that is fixed to the first support member.

[0023] With the configuration in which the second sup-
portmember is configured with the divided units, the man-
ufacture of the second support member is facilitated,
whereby the manufacturing process can be simplified
and cost can be reduced.

[0024] Advantageously, in the vibration suppression
member for the heat transfer tube, the first support sur-
face, the second support surface, and the third support
surface have a pattern capable of holding liquid.

[0025] With this configuration, the contact portion be-
tween the heat transfer tube and each of the support
members can easily keep a liquid phase state, whereby
a damping effect by liquid can easily be produced. Ac-
cordingly, the effect of suppressing vibration of heat
transfer tubes can well be applied, whereby the vibration
of the heat transfer tube can suitably be suppressed. In
addition, the contact portion between the heat transfer
tube and each support member can easily keep a liquid
phase state, and this can prevent the generation of con-
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tamination deposited due to a gas phase state on the
contact portion between the heat transfer tube and each
supportmember. Accordingly, troubles such as corrosion
of heat transfer tubes caused by contamination can be
prevented.

[0026] Advantageously, in the vibration suppression
member for the heat transfer tube, the pattern is formed
by hollowing the support surface.

[0027] Therefore, damage to the heat transfer tube by
the projections projecting from each support surface is
not generated, whereby the vibration suppression mem-
ber can well be in contact with the heat transfer tube
without causing any damage.

[0028] Advantageously, in the vibration suppression
member for the heat transfer tube, the patternis a dimple
having a plurality of dents.

[0029] Accordingly, liquid can suitably be held on each
support surface with a simple configuration.

[0030] According to another aspect of the present in-
vention, a manufacturing method of a vibration suppres-
sion member for a heat transfer tube includes: preparing
a first support member including a first support surface
for supporting an outer surface side of the heat transfer
tube on one surface; preparing a second support member
including a second support surface and a third support
surface which tilt at different predetermined tilt angles
relative to the first support surface respectively for sup-
porting the outer surface of the heat transfer tube on one
surface side; and fixing another surface of the second
support member to another surface of the first support
member.

[0031] Accordingly, the first support member and the
second support member can be manufactured by using
a flat plate material having a predetermined length,
whereby manufacturing performance can be enhanced,
and processing cost can be reduced.

[0032] Advantageously, in the manufacturing method
of a vibration suppression member for the heat transfer
tube, a plurality of concave parts and a plurality of convex
parts are alternately and continuously formed along the
longitudinal direction to form the second support surface
and the third support surface, and the concave parts are
intermittently fixed to the first support member.

[0033] Accordingly, the first support member and the
second support member are intermittently fixed to each
other, whereby processing cost can be reduced, and the
heat transfer tube can elastically be supported to appro-
priately suppress vibration.

[0034] Advantageously, in the manufacturing method
of a vibration suppression member for the heat transfer
tube, the first support member and the second support
member are fixed by welding.

[0035] Thus, the processing cost can be reduced. In
this case, laser welding can be applied, whereby thermal
deformation caused by the welding can be suppressed.
[0036] According to still another aspect of the present
invention, a vibration suppression device for heat transfer
tubes, in which a plurality of heat transfer tube layer is
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formed by radially arraying a plurality of heat transfer
tubes with a predetermined space, a heat transfer tube
bundle is formed by stacking the plurality of the heat
transfer tube layers, and the heat transfer tube layers
adjacent to one another are disposed to shiftin an array-
ing direction, includes a vibration suppression member
disposed between the plurality of heat transfer tube lay-
ers. The vibration suppression member includes a first
support member including a first support surface for sup-
porting an outer surface of the heat transfer tube on one
surface side, and a second support member including a
second support surface and a third support surface which
tilt at different predetermined tilt angles relative to the
first support surface respectively for supporting the outer
surface of the heat transfer tube on one surface side, and
another surface of the second support member is fixed
to another surface of the first support member.

[0037] With this configuration, when the vibration sup-
pression member is disposed among a plurality of heat
transfer tubes, each of the heat transfer tubes is support-
ed by the first support surface of the first support member
of one of the adjacent vibration suppression member and
the second support surface and the third support surface
of the second support member of the other adjacent vi-
bration suppression member. Thus, the radial vibration
of the heat transfer tube can be suppressed, whereby
the vibration of the heat transfer tube can appropriately
be suppressed.

[0038] Advantageously, in the vibration suppression
device for the heat transfer tubes, the first support mem-
ber has a flat plate shape with a predetermined length,
the first support surface is a plane continuously formed
on the one surface side, the second support member
extends along a longitudinal direction with a predeter-
mined length and has a plurality of concave parts and a
plurality of convex parts which are alternately and con-
tinuously formed, the second support surface and the
third support surface are opposed planes relative to the
concave part, and the second support members adjacent
to each other in the stacking direction of the heat transfer
tube layer are arrayed such that the concave part and
the convex part face each other.

[0039] The first support surface is formed by making
the first support member into a flat plate shape, and the
second support surface and the third support surface are
formed by forming the second support member to have
concave and convex parts. With this, three support sur-
faces can easily be formed, whereby the structure can
be simplified, and cost can be reduced. Therefore, the
second support members adjacent to each other in the
stacking direction are disposed such that the concave
part and the convex part face each other, whereby an
elastic function can be imparted to the support members.
Thus, the heat transfer tube can elastically be supported
to appropriately suppress vibration.

[0040] Advantageously, in the vibration suppression
device for the heat transfer tubes, the plurality of concave
parts of the second support member is intermittently fixed



7 EP 2 960 614 A1 8

to the first support member, and a predetermined gap is
formed at a position where the concave part of the second
support member and the first support member are not
fixed to each other.

[0041] Withthe configuration in which a predetermined
gap is ensured between the first support member and
the second support member, each support member can
elastically be deformed by an amount corresponding to
the predetermined gap, thereby being capable of elasti-
cally supporting the heat transfer tube and appropriately
suppressing vibration.

[0042] Advantageously, in the vibration suppression
device for the heat transfer tubes, the heat transfer tube
is supported as being pressed by the first support surface,
the second support surface, and the third support sur-
face.

[0043] With the configuration of pressing and support-
ing the heattransfer tube, the vibration of the heattransfer
tube can appropriately be suppressed.

[0044] Advantageously, in the vibration suppression
device for the heat transfer tubes, a mounting position of
the heat transfer tube, which is not yet supported as being
pressed by the concave part that is not fixed to the first
support member, is shifted in the direction away from the
second support member from a mounting position of the
heat transfer tube which is not yet supported as being
pressed by the concave part that is fixed to the first sup-
port member.

[0045] Almost similar pressing force can be applied to
the heat transfer tube supported by the concave part not
fixed to the first support member and the heat transfer
tube supported by the concave part fixed to the first sup-
port member. Accordingly, the heat transfer tube is ap-
propriately pressed and supported, whereby vibration of
the heat transfer tube can be suppressed.

[0046] Advantageously, in the vibration suppression
device for the heat transfer tubes, the plurality of vibration
suppression members is connected and held by a plu-
rality of holding members.

[0047] With the configuration of connecting and hold-
ing the plurality of vibration suppression members by the
holding members, each of the vibration suppression
members can be held at an appropriate position to sup-
press the vibration of the heat transfer tube.

[0048] According to still another aspect of the present
invention, a vibration suppression method for heat trans-
fer tubes, in which a plurality of heat transfer tube layer
is formed by radially arraying a plurality of heat transfer
tubes with a predetermined space, a heat transfer tube
bundle is formed by stacking the plurality of the heat
transfer tube layers, and the heat transfer tube layers
adjacent to one another are disposed to shift in an array-
ing direction, includes pressing and supporting the heat
transfer tube by at least three support surfaces of a vi-
bration suppression member disposed between the heat
transfer tube layers.

[0049] With this configuration, the radial vibration of
the heat transfer tube can be suppressed, whereby the
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vibration of the heat transfer tube can appropriately be
suppressed.

[0050] According to still another aspect of the present
invention, a steam generator includes: a body portion
having a hollow airtight shape; a heat transfertube bundle
including a plurality of heat transfer tubes, which are dis-
posed in the body portion with a reversed U shape and
through which a primary coolant flows; a tube sheet fixed
to a lower part of the body portion to support an end of
each of the plurality of heat transfer tubes; an inlet side
channel head and an outlet side channel head formed at
a lower end of the body portion to communicate with an
end of each of the plurality of heat transfer tubes; a feed
water unit for feeding secondary cooling water into the
body portion; a steam outlet formed at an upper end of
the body portion; and any one of the above described
vibration suppression device for the heat transfer tubes.
[0051] When high-pressure water as the primary cool-
ing water is supplied into the plurality of heat transfer
tubes, and the external secondary cooling water flowing
through the body portion is heated to generate steam,
the heat transfer tubes easily vibrate. In this case, the
vibration suppression member is disposed among a plu-
rality of heat transfer tubes. With this configuration, each
of the heat transfer tubes is supported by the first support
surface of the first support member of one of the adjacent
vibration suppression member and the second support
surface and the third support surface of the second sup-
port member of the other adjacent vibration suppression
member. Thus, the radial vibration of the heat transfer
tube can be suppressed, whereby the vibration of the
heat transfer tube can appropriately be suppressed.

Advantageous Effects of Invention

[0052] According to the vibration suppression member
for heat transfer tubes, the manufacturing method of a
vibration suppression member for heat transfer tubes,
the vibration suppression device and method for heat
transfer tubes, and the steam generator, the vibration
suppression member is formed by fixing the second sup-
port member having the second support surface and the
third support surface to the first support member having
the first support surface. With this configuration, the heat
transfer tube is supported by three support surfaces.
Thus, the radial vibration of the heat transfer tube can be
suppressed, whereby the vibration of the heat transfer
tube can appropriately be suppressed.

Brief Description of Drawings
[0053]

FIG. 1 is a sectional view illustrating a vibration sup-
pression device for heat transfer tubes according to
a first embodiment of the present invention.

FIG. 2 is a plan view illustrating the vibration sup-
pression device for heat transfer tubes according to
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the first embodiment of the present invention.

FIG. 3 is a schematic diagram illustrating an initial
support state of heat transfer tubes by a second anti-
vibration member.

FIG. 4 is a schematic diagram illustrating a support
state of heat transfer tubes by the second anti-vibra-
tion member.

FIG. 5 is a schematic diagram illustrating a configu-
ration of a nuclear power plant.

FIG. 6 is a schematic diagram illustrating a configu-
ration of a steam generator.

FIG. 7 is a plan view illustrating a heat transfer tube
bundle.

FIG. 8 is a front view illustrating the heat transfer
tube bundle.

FIG. 9is aperspective viewillustrating the heat trans-
fer tube bundle.

FIG. 10is a sectional view illustrating a vibration sup-
pression device for heat transfer tubes according to
a second embodiment of the present invention.
FIG. 11is a sectional view illustrating a vibration sup-
pression device for heat transfer tubes according to
a third embodiment of the present invention.

FIG. 12 is a flowchart illustrating a manufacturing
method of a vibration suppression member for heat
transfer tubes according to a fourth embodiment of
the present invention.

FIG. 13is a schematic diagramillustrating a pressing
machine in the manufacturing method of a second
anti-vibration member.

FIG. 14 is an exploded perspective view of the sec-
ond anti-vibration member.

FIG. 15 is an assembly diagram of the second anti-
vibration member.

FIG. 16 is a connection diagram of the second anti-
vibration member.

FIG. 17 is a schematic diagramiillustrating a vibration
suppression device for heat transfer tubes according
to a fifth embodiment of the present invention.

FIG. 18 is a schematic diagram of a first support
member.

Description of Embodiments

[0054] Hereinafter, preferred embodiments of a vibra-
tion suppression member for heat transfer tubes, a man-
ufacturing method of the vibration suppression member
for heat transfer tubes, vibration suppression device and
method for heat transfer tubes, and a steam generator
according to the invention will be described in detail with
reference to the accompanying drawings. Note that the
invention is not limited by the embodiments, and when
there are two or more embodiments, the invention may
include combination of the embodiments.

First Embodiment

[0055] FIG.5is aschematic diagram illustrating a con-
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figuration of a nuclear power plant, FIG. 6 is a schematic
diagram illustrating configuration of a steam generator,
FIG. 7 is a plan view illustrating a heat transfer tube bun-
dle, FIG. 8 is a front view of the heat transfer tube bundle,
and FIG. 9is aperspective view illustrating the heat trans-
fer tube bundle.

[0056] A nuclear reactor of the first embodiment is a
pressurized water reactor (PWR), in which light water is
used as a nuclear reactor coolant and a neutron moder-
ator and is prepared to be high-temperature and high-
pressure water that is not boiled throughout a reactor
internal portion, the high-temperature and high-pressure
water is sent to a steam generator to generate steam by
heat exchange, and the steam is sent to a turbine gen-
erator to generate electricity.

[0057] Inanuclear power plant having the pressurized
water reactor of the first embodiment, a containment 11
is provided therein with a pressurized water reactor 12
and a steam generator 13, the pressurized water reactor
12 and the steam generator 13 are connected to each
other through a high-temperature side supply tube 14
and a low-temperature side supply tube 15, the high-
temperature side supply tube 14 is provided with a pres-
surizer 16, and the low-temperature side supply tube 15
is provided with a primary cooling water pump 17, as
illustrated in FIG. 5. In this case, the light water is used
as the moderator and the primary cooling water (coolant),
and in order to suppress boiling of the primary cooling
water in the reactor internal portion, a primary cooling
system controls to keep a high-pressure state of about
150 to 160 atmospheric pressure by the pressurizer 16.
[0058] Accordingly, in the pressurized water reactor
12, the light water as the primary cooling water is heated
by low-enriched uranium or MOX as fuel (atomic fuel),
and the high-temperature primary cooling water kept at
a predetermined high pressure by the pressurizer 16 is
sent to the steam generator 13 through the high-temper-
ature side supply tube 14. In the steam generator 13,
heat exchange is performed between the high-tempera-
ture and high-pressure primary cooling water and the
secondary cooling water, and the cooled primary cooling
water returns to the pressurized water reactor 12 through
the low-temperature side supply tube 15.

[0059] Thesteam generator13isconnectedtoasteam
turbine 32 through a tube 31 that supplies the heated
secondary cooling water, that is, the steam, and the tube
31 is provided with a main steam isolation valve 33. The
steam turbine 32 has a high-pressure turbine 34 and a
low-pressure turbine 35, and is connected to an electric
generator (power generating device) 36. In addition, a
moisture isolation heater 37 is provided between the
high-pressure turbine 34 and the low-pressure turbine
35. A cooling water branch tube 38 branched from the
tube 31 is connected to the moisture isolation heater 37.
The high-pressure turbine 34 and the moisture isolation
heater 37 are connected through a low-temperature re-
heating tube 39, and the moisture isolation heater 37 and
the low-pressure turbine 35 are connected through a
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high-temperature re-heating tube 40.

[0060] In addition, the low-pressure turbine 35 of the
steam turbine 32 has a condenser 41. The condenser 41
is connected to a turbine bypass tube 43 having a bypass
valve 42 from the tube 31, and is connected to an intake
tube 44 and a drain tube 45 that supply and discharge
the cooling water (for example, seawater). The intake
tube 44 has a circulation water pump 46, and the other
end is disposed undersea with the drain tube 45.
[0061] The condenser 41 is connected to a tube 47,
and is connected to a condenser pump 48, a grand con-
denser 49, a condensate demineralizer 50, a condensate
booster pump 51, and a low-pressure feed water heater
52. In addition, the tube 47 is connected to a deaerator
53, and is provided with a main feed water pump 54, a
high-pressure feed water heater 55, and a main feed wa-
ter control valve 56.

[0062] Accordingly, in the steam generator 13, the
steam generated by performing heat exchange with the
high-temperature and high-pressure primary cooling wa-
ter is sent to the steam turbine 32 (from the high-pressure
turbine 34 to the low-pressure turbine 35) through the
tube 31, and the steam turbine 32 is driven by the steam
to generate electricity by the electric generator 36. In this
case, after the steam from the steam generator 13 drives
the high-pressure turbine 34, the moisture included in
the steam is removed and heated by the moisture isola-
tion heater 37, and then, the resultant steam drives the
low-pressure turbine 35. The steam driving the steam
turbine 32 is cooled using seawater by the condenser 41
to be a condensate, and returns to the steam generator
13 through the grand condenser 49, the condensate
demineralizer 50, the low-pressure feed water heater 52,
the deaerator 53, the high-pressure feed water heater
55, and the like.

[0063] In the steam generator 13 of the nuclear power
plant configured as described above, a body portion 61
has an airtight hollow cylindrical shape, and a diameter
of the lower part is slightly smaller than that of the upper
part as illustrated in FIG. 6. The body portion 61 has a
tube bundle shroud 62 having a cylindrical shape with a
predetermined gap from an inner wall face at its lower
part. The tube bundle shroud 62 includes inside a plurality
of tube support plates 63 corresponding to a predeter-
mined height position, and a tube sheet 64 fixed under
the tube support plate 63, each tube support plate 63
being supported by a plurality of stay rods 65 provided
to extend upward from the tube sheet 64. The tube bundle
shroud 62 is provided therein with a heat transfer tube
bundle 67 including a plurality of reverse U-shape heat
transfer tubes 66.

[0064] The heat transfer tube bundle 67 has a U bend
portion 68 as a U-shape portion at an upper part of each
heat transfer tube 66. A lower end of each heat transfer
tube 66 is expanded and supported by the tube sheet
64, and an intermediate part (a middle part) is supported
by the plurality of tube support plates 63. In the U bend
portion 68, the plurality of heat transfer tubes 66 are dis-
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posed to be substantially parallel to each otherin aninner
and outer direction (an up and down direction) of the tube
bundle shroud 62, and are disposed to be substantially
parallel to each other in a radial direction (a horizontal
direction) of the tube bundle shroud 62.

[0065] In addition, the lower part of the body portion
61 has a spherical shape, and is provided with an inlet
side channel head 71 and an outlet side channel head
72, which are partitioned under the tube sheet 64 by a
partition wall 70, and an inlet nozzle 73 and an outlet
nozzle 74. One end of each heat transfer tube 66 com-
municates with the inlet side channel head 71, and the
other end communicates with the outlet side channel
head 72.

[0066] In addition, the body portion 61 is provided with
a steam-water separator 75 and a moisture separator 76
above the heat transfer tube bundle 67. The steam-water
separator 75 separates the supply water into steam and
hot water, and the moisture separator 76 removes mois-
ture from the separated steam to bring the separated
steam into almost dry steam. In addition, a feed water
pipe 77 that supplies secondary cooling water to the in-
side is connected to the body portion 61 between the
heat transfer tube bundle 67 and the steam-water sepa-
rator 75, and a steam outlet 78 is formed at the top of the
body portion 61. Specifically, the secondary cooling wa-
ter supplied from the feed water pipe 77 to the inside
flows down through the tube bundle shroud 62, and then,
circulates upward at the tube sheet 64 to move upward
in the heat transfer tube bundle 67. During the upward
movement, the secondary cooling water performs heat
exchange with the hot water (the primary cooling water)
flowing through each heat transfer tube 66.

[0067] Accordingly, as illustrated in FIG. 5 and FIG. 6,
the primary cooling water heated in the pressurized water
reactor 12 is sent to the inlet side channel head 71 of the
steam generator 13 through the high-temperature side
supply tube 14, circulates through the plurality of heat
transfer tubes 66, and reaches the outlet side channel
head 72. Meanwhile, the secondary cooling water cooled
by the condenser 41 is sent to the feed water pipe 77 of
the steam generator 13 through the tube 47, and per-
forms heat exchange with the hot water (the primary cool-
ing water) passing through the body portion 61 and flow-
ing in the heat transfer tube 66. Specifically, in the body
portion 61, heat exchange is performed between the
high-temperature and high-pressure primary cooling wa-
ter and the secondary cooling water, and the cooled pri-
mary cooling water returns to the pressurized water re-
actor 12 through the low-temperature side supply tube
15 from the outlet side channel head 72. Meanwhile, the
secondary cooling water subjected to the heat exchange
with the high-pressure and high-temperature primary
cooling water moves upward in the body portion 61, and
is separated into steam and hot water by the steam-water
separator 75. The moisture separator 76 removes mois-
ture from this steam, and the resultant steam is sent from
the steam outlet 78 to the steam turbine 32 through the
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tube 31.

[0068] In the steam generator 13 configured as de-
scribed above, when the primary cooling water flows in
each of the heat transfer tubes 66, flow-induced vibration
is likely to occur at the U bend portion 68. In view of this,
the steam generator 13 is provided with a vibration sup-
pression device 100 at the U bend portion 68.

[0069] The U bend portion 68 of the heat transfer tube
66 is disposed at the upper end of the heat transfer tube
bundle 67. Specifically, as illustrated in FIGS. 7 to 9, the
heat transfer tubes 66 are arrayed such that the heat
transfer tube with a larger diameter is sequentially ar-
rayed toward the outermost side from the center to form
a heat transfer tube layer. This heat transfer tube layers
are stacked in a direction orthogonal to the arraying di-
rection of the heat transfer tubes to change the outermost
diameter. Thus, the heat transfer tube bundle 67 having
a hemispherical shape at its upper end is formed.
[0070] The vibration suppression device 100 includes
a plurality of first anti-vibration members 101 and a sec-
ond anti-vibration member (vibration suppression mem-
ber) 102. Each of the first anti-vibration members 101 is
inserted between the stacked heat transfer tube layers
ofthe heattransfertubes 66. The first anti-vibration mem-
ber 101 has a rectangular cross-section, and is bent into
almost a V shape. The bent part is disposed at the side
of the central part of each heat transfer tube 66, and both
ends project from the U bend portion 68 of the heat trans-
fer tube 66 with the largest diameter. The ends of the first
anti-vibration members 101 are disposed in a line along
a hemispherical arc of the heat transfer tube bundle 67.
The first anti-vibration member 101 has a pair of a mem-
ber with almost a large V shape and a member with a
small V shape provided at the inner side of the member
with almost a large V shape. Three pairs are disposed
on the semicircular portion of the heat transfer tubes 66,
for example. The first anti-vibration member 101 is made
of a metal material (e.g., stainless 405 or stainless 410)
preferable for suppressing vibration of the heat transfer
tube 66.

[0071] Thesecond anti-vibration member 102 isinsert-
ed between the stacked heat transfer tube layers of the
heat transfer tube 66. The second anti-vibration member
102 includes a first support member 111 and a second
support member 121 (see FIG. 1), which are described
below. The second anti-vibration member 102 is bent
into almost a V shape. The bent part is disposed at the
side of the central part of each heat transfer tube 66, and
both ends project from the U bend portion 68 of the heat
transfer tube 66 with the largest diameter. The end of the
second anti-vibration member 102 is disposed in a line
along a hemispherical arc of the heat transfer tube bundle
67. Only one second anti-vibration member 102 is dis-
posed at the top of the U bend portion 68. The second
anti-vibration member 102 is made of a metal material
(e.g., stainless 405 or stainless 410) preferable for sup-
pressing vibration of the heat transfer tube 66.

[0072] The first anti-vibration member 101 is provided
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with a connection member 103 on each end projecting
to the outside of the U bend portion 68, and the second
anti-vibration member 102 is provided with a connection
member 104 on each end projecting to the outside of the
U bend portion 68. Each of holding members 105 and
106 is fixed to each of the connection members 103 and
104 by welding. Each of the connection members 103
and 104 and each of the holding members 105 and 106
are made of the same metal material (e.g., inconel 690)
excellentin corrosion resistance under high-temperature
atmosphere. Each of the holding members 105 and 106
is a bar-like member attached along the outer periphery
of the U bend portion 68 of the heat transfer tube bundle
67, and is welded to both ends of each of mounting por-
tions 107 and 108, which is inserted between the outer-
most heat transfer tube 66 and the heat transfer tube 66
at the inner side of the outermost heat transfer tube 66
and has almost a reversed C shape. With this, each of
the holding members 105 and 106 is mounted to the heat
transfer tube bundle 67. As described above, the vibra-
tion suppression device 100 is provided to the heat trans-
fertube bundle 67 with the plurality of anti-vibration mem-
bers 101 and 102 being inserted between the transfer
tubes 66.

[0073] The vibration suppression device 100 and the
second anti-vibration member 102 will be described here
in more detail. FIG. 1 is a sectional view illustrating the
vibration suppression device for heat transfer tubes ac-
cording to the first embodiment of the present invention,
FIG. 2is a plan view illustrating the vibration suppression
device for heat transfer tubes according to the first em-
bodiment, FIG. 3 is a schematic diagram illustrating an
initial support state of heat transfer tubes by the second
anti-vibration member, and FIG. 4 is a schematic diagram
illustrating a support state of heat transfer tubes by the
second anti-vibration member.

[0074] Asillustratedin FIGS. 1 and 2, the second anti-
vibration member 102 includes the first support member
111 and the second support member 121. The first sup-
port member 111 has a flat plate shape with a predeter-
mined width and a predetermined length. A first support
surface 112 supporting outer surfaces of the heat transfer
tubes 66 is formed on one surface (on a lower surface in
FIG. 1). This first support surface 112 is a continuously-
formed plane on one surface. A mounting surface 113
for the second support member 121 is formed on the
other surface (an upper surface in FIG. 1) of the first
support member 111.

[0075] The second support member 121 is formed
such that a flat plate having a predetermined width and
a predetermined length is pressed to form a plurality of
concave parts 122 and 123 and a plurality of convex parts
124, which are continuously formed along the longitudi-
nal direction. The concave parts 122 and 123 and the
convex part 124 have a trapezoidal shape, and the ori-
entation of the trapezoidal shape is opposite between
the concave parts 122 and 123 and the convex part 124.
Specifically, the second support member 121 has, on its
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one surface (on the upper surface in FIG. 1), a second
support surface and a third support surface, which are
formed to have predetermined tilt angles, different from
each other, relative to the first support surface 112 to
support the outer surface of the heat transfer tube 66.
The other surface (the lower surface in FIG. 1) of the
second support member 121 is fixed to the other surface
(the upper surface in FIG. 1) of the first support member
111.

[0076] The second support member 121 is formed to
have the first concave part 122, the convex part 124, the
second concave part 123, the convex part 124, the sec-
ond concave part 123, and the convex part 124 in order
along the longitudinal direction. These six concave parts
122 and 123 and the convex parts 124 make one unit,
and two or more units are continuously disposed in serial
along the longitudinal direction.

[0077] Thefirst concave part 122 has a bottom surface
131, and a second support surface 132 and a third sup-
port surface 133 which are connected to both sides of
the bottom surface 131. The bottom surface 131 is sub-
stantially parallel to the first support surface 112 of the
first support member 111. The second support surface
132 and the third support surface 133 are opposed planes
relative to the first concave part 122, and are formed to
have predetermined tilt angles 62 and 63 relative to the
first support surface 112 of the first support member 111.
In this case, the tiltangles 62 and 63 of the second support
surface 132 and the third support surface 133 are the
same, and set to be smaller than 90 degrees (60 degrees
+ 15 degrees).

[0078] The second concave part 123 has a bottom sur-
face 134, and a second support surface 135 and a third
support surface 136 which are connected to both sides
of the bottom surface 134. The bottom surface 134 is
substantially parallel to the first support surface 112 of
the first support member 111. The second support sur-
face 135 and the third support surface 136 are opposed
planes relative to the second concave part 123, and are
formed to have predetermined tilt angles 612 and 613
relative to the first support surface 112 of the first support
member 111. In this case, the tilt angles 612 and 613 of
the second support surface 135 and the third support
surface 136 are the same, and set to be smaller than 90
degrees.

[0079] The first concave part 122 out of the plurality of
concave parts 122 and 123 of the second support mem-
ber 121 is intermittently fixed to the first support member
111. The second concave part 123 of the second support
member 121 and the first support member 111 are not
fixed to each other, and a predetermined gap is formed
between the second concave part 123 and the first sup-
port member 111. Specifically, the lower surface 137 of
the first concave part 122 of the second support member
121 is fixed to the mounting surface 113 of the first sup-
port member 111 by welding. On the other hand, a pre-
determined gap S1 is formed between the lower surface
138 ofthe second concave part 123 of the second support
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member 121 and the mounting surface 113 of the first
support member 111.

[0080] Asdescribed above, inthe steam generator 13,
a plurality of heat transfer tubes 66 are radially arrayed
with a predetermined space to form a heat transfer tube
layer at the U bend portion 68, and a plurality of heat
transfer tube layers is stacked with a predetermined
space to form the heat transfer tube bundle 67. In the
heat transfer tube bundle 67, the plurality of heat transfer
tubes 66 is arrayed in zigzag in a plan view. Specifically,
in the stacked heat transfer tube layers, a triangular ar-
rangement is made based on a triangle formed from
straight portions in a plan view. Specifically, the adjacent
heat transfer tubes 66 in the stacking direction are dis-
posed to be shifted from each other by a distance (shift
amount) of 0.5 P (P/2) that is a half of the distance P
between the adjacent heat transfer tubes 66 in the array-
ing direction.

[0081] The above first anti-vibration member 101 and
the second anti-vibration member 102 are disposed
among the plurality of heat transfer tube layers radially
arrayed to form the vibration suppression device 100.
[0082] In this case, the second anti-vibration member
102 is configured such that the first support member 111
having a flat plate shape and the second support member
121 having the concave parts and the convex parts are
connected to each other. Therefore, the second support
members 121 adjacent to each other in the stacking di-
rection of the heat transfer tube layers are disposed such
that the concave parts 122 and 123 and the convex part
124 face each other according to the plurality of heat
transfer tubes 66 arrayed in zigzag. Specifically, the sec-
ond support members 121 adjacent to each other in the
stacking direction of the heat transfer tube layers are
shifted by a distance 1.5 P that is 1.5 times (distance P
+shiftamount 0.5 P) the distance P between the adjacent
heat transfer tubes 66 in the arraying direction. With this,
the second support members 121 adjacent to each other
in the stacking direction of the heat transfer tube layers
are disposed such that the first concave part 122 faces
the convex part 124 located between the second concave
parts 123.

[0083] The plurality of first anti-vibration members 101
is held by the holding members 105 via the connection
members 103, whereby each heat transfer tube 66 is
kept in contact with each of the first anti-vibration mem-
bers 101. On the other hand, the plurality of second anti-
vibration members 102 is held by the holding members
106 viathe connection members 104. Therefore, the heat
transfer tube 66 is supported as being pressed by the
first support surface 112, the second support surface
132, and the third support surface 133 of each of the
second anti-vibration members 102.

[0084] Thatis, whenthe second anti-vibration member
102 is disposed between the heat transfer tubes 66 ar-
rayed in zigzag, the heat transfer tube 66 disposed in the
first concave part 122 is supported at three points such
that the outer surface is in line contact with the second
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support surface 132 and the third support surface 133 of
the first concave part 122 and the first support surface
112 of the first support member 111 as illustrated in FIG.
4. The heat transfer tube 66 disposed in the second con-
cave part 123 is supported at three points such that the
outer surface is in line contact with the second support
surface 135 and the third support surface 136 of the sec-
ond concave part 123 and the first support surface 112
of the first support member 111.

[0085] As being supported at three points by the con-
cave parts 122 and 123, this heat transfer tube 66 is
supported as being pressed by the first support surface
112, the second support surface 132, and the third sup-
port surface 133 due to the elastic deformation of the
support members 111 and 121 of the second anti-vibra-
tion member 102.

[0086] Accordingly, as illustrated in FIG. 3, when the
heat transfer tube 66 is supported by the first concave
part 122 of the second support member 121 of the second
anti-vibration member 102, the support height H (mount-
ing position) of the heat transfer tube 66, which is not yet
supported as being pressed, from the mounting surface
113issetto belarger by S2 than the actual support height
H (mounting position) of the heat transfer tube 66 from
the mounting surface 113. When the heat transfer tube
66 is supported by the second concave part 123 of the
second support member 121 of the second anti-vibration
member 102, the support height H (mounting position)
of the heat transfer tube 66, which is not yet supported
as being pressed, from the mounting surface 113 is set
to be larger by S3 than the actual support height H
(mounting position) of the heat transfer tube 66 from the
mounting surface 113.

[0087] The support height (mounting position) H + S3
of the heat transfer tube 66, which is not yet supported
as being pressed by the second concave part 123 that
is not fixed to the first support member 111, is larger than
the support height (mounting position) H + S2 of the heat
transfer tube 66 which is not yet supported as being
pressed by the first concave part 122 that is fixed to the
first support member 111, and the support height H + S3
is shifted in the direction away from the second support
member 121. Specifically, it is set such that the height
S2 < the height S3. Notably, it is set such that the height
S3 < predetermined gap S1.

[0088] As a method of setting height S2 < height S3,
the tilt angles 612 and 613 of the second support surface
135 and the third support surface 136 of the second con-
cave part 123 may be set to be larger than the tilt angles
62 and 63 of the second support surface 132 and the
third support surface 133 of the first concave part 122,
for example. As another method, the distance between
the second support surface 135 and the third support
surface 136 of the second concave part 123 may be set
to be smaller than the distance between the second sup-
port surface 132 and the third support surface 133 of the
first concave part 122.

[0089] W.iththis, asillustrated in FIG. 4, the heat trans-
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fer tube 66 disposed in the first concave part 122 out of
the plurality of heat transfer tubes 66 is pressed by the
distance (height) S2, in the state in which the second
anti-vibration member 102 is disposed between the heat
transfer tube layers. Specifically, the first support mem-
ber 111 and the second support member 121 of the ad-
jacent second anti-vibration member 102 are elastically
deformed to cause pressing force. With this, the heat
transfer tube 66 is supported such that the outer surface
is in contact with three points A1, B1, and C1 which are
on the second support surface 132 and the third support
surface 133 of the first concave part 122 and on the first
support surface 112 of the first support member 111, and
receives pressing force F1 from the points A1, B1, and
C1.

[0090] The heat transfer tube 66 disposed in the sec-
ond concave part 123 is pressed by the distance (height)
S3. Specifically, the first support member 111 and the
second support member 121 of the adjacent second anti-
vibration member 102 are elastically deformed to cause
pressing force. With this, the heat transfer tube 66 is sup-
ported such that the outer surface is in contact with three
points A2, B2, and C2 which are on the second support
surface 135 and the third support surface 136 of the sec-
ond concave part 123 and on the first support surface
112 of the first support member 111, and receives press-
ing force F2 from the points A2, B2, and C2.

[0091] As described above, in the vibration suppres-
sion member for heat transfer tubes according to the first
embodiment, the second anti-vibration member 102 in-
cludes the first support member 111 provided with the
first support surface 112 for supporting an outer surface
of the heat transfer tube 66, and the second support
member 121 provided with the second support surfaces
132 and 135 and the third support surfaces 133 and 136
for supporting an outer surface of the heat transfer tube
66 with predetermined tilt angles relative to the first sup-
port surface 112, the tilt angles being different from each
other, the second support member 121 fixed to the
mounting surface 113 of the first support member 111.
[0092] With this configuration, when the second anti-
vibration member 102 is disposed between the heat
transfer tubes 66, the heat transfer tube 66 is supported
by the first support surface 112 of the first support mem-
ber 111 of one of the adjacent second anti-vibration mem-
ber 102 and the second support surfaces 132 and 135
and the third support surfaces 133 and 136 of the other
adjacent second support member 121. Therefore, the
radial vibration of the heat transfer tube 66 is suppressed
by the second anti-vibration member 102, whereby the
vibration of the heat transfer tube 66 can appropriately
be suppressed.

[0093] In the vibration suppression member for heat
transfer tubes according to the first embodiment, the first
support member 111 is formed into a flat plate shape
having a predetermined length, the first support surface
112 is formed into a plane, the second support member
121 is formed to have a shape with a predetermined
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length and with a plurality of concave parts 122 and 123
and convex parts 124, which are alternately and contin-
uously formed in the longitudinal direction, and the sec-
ond support surfaces 132 and 135 and the third support
surfaces 133 and 136 are formed to be opposed planes
relative to the concave parts 122 and 123. Accordingly,
three support surfaces 112, 132 or 135, and 133 or 136
can easily be formed, whereby the structure can be sim-
plified and cost can be reduced.

[0094] In this case, the heat transfer tube 66 is sup-
ported at three points which are the first support surface
112, the second support surface 132 or 135, and the third
support surface 133 or 136, resulting in that the surface
contact region between the heat transfer tube 66 and
each of the support members 111 and 121 is reduced to
prevent the occurrence of corrosion.

[0095] In the vibration suppression member for heat
transfer tubes according to the first embodiment, the con-
cave parts 122 and 123 and the convex part 124 have a
trapezoidal shape, wherein the orientation of the trape-
zoidal shape is opposite between the concave parts 122
and 123 and the convex part 124. Accordingly, the con-
cave parts 122 and 123 and the convex part 124 can
easily be formed.

[0096] In the vibration suppression member for heat
transfer tubes according to the first embodiment, the con-
cave parts 122 of the second support member 121 are
intermittently fixed to the first support member 111. The
first support member 111 and the second support mem-
ber 121 are intermittently fixed to each other, whereby a
local elastic function can be imparted to the support mem-
bers 111 and 121. Thus, the heat transfer tube 66 can
elastically be supported to appropriately suppress vibra-
tion.

[0097] In the vibration suppression member for heat
transfer tubes according to the first embodiment, the pre-
determined gap S1 is formed on the position where the
concave part 123 of the second support member 121 is
not fixed to the first support member 111. With this con-
figuration, each of the support members 111 and 121
can elastically be deformed by the amount of the prede-
termined gap S1, whereby the heat transfer tube 66 can
elastically be supported to appropriately suppress vibra-
tion.

[0098] In this case, the heat transfer tube 66 is elasti-
cally supported by the support members 111 and 121.
This can eliminate a need to manufacture the support
members 111 and 121 with high precision, whereby pro-
duction cost can be reduced. When the heat transfer tube
66 is supported in contact with a plurality of support mem-
bers for suppressing vibration, each support member has
to be manufactured with high precision according to the
space between the heat transfer tubes. If each support
member cannot be manufactured according to the space
between the heat transfer tubes, a gap is generated be-
tween the heat transfer tube and the support member,
so that the vibration of the heat transfer tube cannot be
suppressed. Alternatively, the heat transfer tube bundle
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67 cannot be stored, because it swells too much. In the
present embodiment, the heat transfer tube 66 is elasti-
cally supported by the support members 111 and 121.
Therefore, the manufacturing error of the support mem-
bers 111 and 121 can be absorbed by the elastic amount,
whereby the manufacture is facilitated.

[0099] In the vibration suppression device for heat
transfer tubes according to the first embodiment, the plu-
rality of heat transfer tubes 66 are radially arrayed with
a predetermined space to form the heat transfer tube
layer, and the plurality of heat transfer tube layers is
stacked with a predetermined space to form the heat
transfer tube bundle 67, wherein the heat transfer tube
66 in the adjacent heat transfer tube layer is shifted by a
predetermined distance 0.5 P in the arraying direction,
and the second anti-vibration member 102 is disposed
among the plurality of heat transfer tube layers.

[0100] With this configuration, when the second anti-
vibration member 102 is disposed among the plurality of
heat transfer tube layers, the heat transfer tube 66 is
supported by the first support surface 112 of the first sup-
port member 111 of one of the adjacent second anti-
vibration member 102 and the second support surfaces
132 or 135 and the third support surfaces 133 or 136 of
the other adjacent second support member 121. Thus,
the radial vibration of the heat transfer tube 66 can be
suppressed, whereby the vibration of the heat transfer
tube 66 can appropriately be suppressed.

[0101] In the vibration suppression device for heat
transfer tubes according to the firstembodiment, the heat
transfer tube 66 is supported as being pressed by the
first support surface 112, the second support surface 132
or 135, and the third support surface 133 or 136. With
the configuration of pressing and supporting the heat
transfer tube 66, the vibration of the heat transfer tube
66 can appropriately be suppressed.

[0102] In the vibration suppression device according
to the first embodiment, the mounting position of the heat
transfer tube 66, which is not yet supported as being
pressed by the second concave part 123 that is not fixed
to the first support member 111, is shifted in the direction
away from the second support member 121 from the
mounting position of the heat transfer tube 66 which is
not yet supported as being pressed by the first concave
part 122 that is fixed to the first support member 111.
With this configuration, almost the same pressing force
can be applied to the heat transfer tube 66, whereby the
vibration of the heat transfer tube 66 can be suppressed
by an appropriate pressing support of the heat transfer
tube 66.

[0103] In the vibration suppression device for heat
transfer tubes according to the first embodiment, the plu-
rality of second anti-vibration members 102 are connect-
ed and held by the plurality of holding members 106. With
the configuration of connecting and holding the plurality
of second anti-vibration members 102 by the holding
members 106, each of the second anti-vibration mem-
bers 102 can be held at an appropriate position to sup-
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press the vibration of the heat transfer tube 66.

[0104] In the vibration suppression method for heat
transfer tubes according to the first embodiment, the heat
transfer tube 66 is supported as being pressed by three
support surfaces 112, 132 or 135, and 133 or 136 of the
second anti-vibration member 102 disposed between the
heat transfer tube layers of the heat transfer tubes 66.
With this configuration, the radial vibration of the heat
transfer tube 66 can be suppressed, whereby the vibra-
tion of the heat transfer tube 66 can appropriately be
suppressed.

[0105] Inthe steam generatoraccording to the firstem-
bodiment, each of the anti-vibration members 101 and
102 is disposed between the heat transfer tubes 66,
whereby the vibration of the heat transfer tube 66 can
appropriately be suppressed.

Second Embodiment

[0106] FIG. 10is asectional view illustrating a vibration
suppression device for heat transfer tubes according to
asecond embodiment of the present invention. The com-
ponents having the similar functions to the above em-
bodiment are identified by the same reference numerals,
and their detailed description will be omitted.

[0107] Inthe second embodiment, a vibration suppres-
sion device 200 is provided to a U bend portion of a heat
transfer tube bundle in a steam generator as illustrated
in FIG. 10. The vibration suppression device 200includes
a plurality of first anti-vibration members 101 and second
anti-vibration members (vibration suppression member)
202. Each of the second anti-vibration members 202 is
inserted into the stacked heat transfer tube layers of the
heat transfer tubes 66, and includes a first support mem-
ber 211 and a second support member 221. The second
anti-vibration member 202 is bent into almost a V shape.
[0108] The first support member 211 has almost the
similar configuration to the first support member 111 (see
FIG. 1) in the first embodiment, and has a first support
surface 212 supporting the outer surface of the heat
transfer tube 66 and a mounting surface 213 for the sec-
ond support member 221.

[0109] The second supportmember 221 has a plurality
of concave parts 222 and a plurality of convex parts 224,
which are continuously formed along the longitudinal di-
rection. The concave part 222 and the convex part 224
have atrapezoidal shape, and the orientation of the trap-
ezoidal shape is opposite between the concave part 222
and the convex part 224. The concave part 222 has a
bottom surface 231, and a second support surface 232
and a third support surface 233 which are connected to
both sides of the bottom surface 231. The bottom surface
231 is substantially parallel to the first support surface
212 of the first support member 211. The second support
surface 232 and the third support surface 233 are op-
posed planes relative to the concave part 222, and are
formed to have predetermined tilt angles relative to the
first support surface 212 of the first support member 211.

10

15

20

25

30

35

40

45

50

55

12

[0110] Some of the concave parts 222 of the second
support member 221 are intermittently fixed to the first
support member 211. Some of the concave parts 222 of
the second support member 221 are not fixed to the first
support member 211, and a predetermined gap S1 is
formed. Specifically, a spacer 241 is interposed between
the lower surface 234 of some of the concave parts 222
of the second support member 221 and the mounting
surface 213 of the first support member 211, and the
second support member 221, the spacer 241, and the
first support member 211 are fixed by welding. A prede-
termined gap S1 is formed between the lower surfaces
234 of two concave parts 222 ofthe second support mem-
ber 221 located between the fixed concave parts 222 and
the mounting surface 213 of the first support member
211.

[0111] The plurality of second anti-vibration members
202 press and support the heat transfer tube 66 by the
first support surface 212, the second support surface
232, and the third support surface 233 on the concave
part 222 where the first support member 211 and the
second support member 221 are fixed by welding via the
spacer 241. Thatis, when the second anti-vibration mem-
ber 202 is disposed among the plurality of heat transfer
tubes 66 arrayed in zigzag, the heat transfer tube 66 dis-
posed in the concave part 222 on the fixed region is sup-
ported at three points such that the outer surface is in
line contact with the second support surface 232, the
third support surface 233, and the first support surface
212. As being held at three points, this heat transfer tube
66 is held as being pressed by the first support surface
212, the second support surface 232, and the third sup-
port surface 233 due to the elastic deformation of the
support members 211 and 221 of the second anti-vibra-
tion member 202. While the elastically supporting method
is similar to the first embodiment, it is set such that pre-
determined gap S1 > height S2 (see FIG. 3). In the
present embodiment, it is always set such that height S3
= height S2 < predetermined gap S1. It is generally ex-
pected thatthe adjacent concave part 222 and the convex
part 224 can be made into almost the same shape. There-
fore, in this case, the heat transfer tube 66 disposed in
the concave part 222 other than the fixed region is sup-
posed to be substantially supported at three points.
[0112] As described above, in the vibration suppres-
sion member for heat transfer tubes according to the sec-
ond embodiment, the second anti-vibration member 202
includes the first support member 211 provided with the
first support surface 212 for supporting an outer surface
of the heat transfer tube 66, and the second support
member 221 provided with the second support surface
232 and the third support surface 233 for supporting an
outer surface of the heat transfer tube 66 with predeter-
mined tilt angles relative to the first support surface 212,
the tilt angles being different from each other, the second
support member 221 fixed to the mounting surface 213
of the first support member 211.

[0113] With this configuration, when the second anti-
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vibration member 202 is disposed among the plurality of
heat transfer tubes 66, the heat transfer tube 66 is sup-
ported by the first support surface 212 of the first support
member 211 of one of the adjacent second anti-vibration
member 202 and the second support surface 232 and
the third support surface 233 of the other adjacent second
support member 221. Therefore, the radial vibration of
the heat transfer tube 66 is suppressed by the second
anti-vibration member 202, whereby the vibration of the
heat transfer tube 66 can appropriately be suppressed.
[0114] In the vibration suppression member for heat
transfer tubes according to the second embodiment, the
concave part 222 of the second support member 221 is
fixed to the first support member 211 via the spacer 241.
This configuration can allow all of the plurality of concave
parts 222 to have the same shape. Thus, the manufacture
ofthe second support member 221 is facilitated, whereby
the manufacturing process can be simplified and cost
can be reduced.

Third Embodiment

[0115] FIG. 11is asectional view illustrating a vibration
suppression device for heat transfer tubes according to
a third embodiment of the present invention. The com-
ponents having the similar functions to the above em-
bodiment are identified by the same reference numerals,
and their detailed description will be omitted.

[0116] In the third embodiment, a vibration suppres-
sion device 300 is provided to a U bend portion of a heat
transfer tube bundle in a steam generator as illustrated
in FIG. 11. The vibration suppression device 300includes
a plurality of first anti-vibration members 101 and second
anti-vibration members (vibration suppression member)
302. Each of the second anti-vibration members 302 is
inserted into the stacked heat transfer tube layers of the
heat transfer tubes 66, and includes a first support mem-
ber 311 and a second support member 321. The second
anti-vibration member 302 is bent into almost a V shape.
[0117] The first support member 311 has almost the
similar configuration to the first support member 111 (see
FIG. 1) in the first embodiment, and has a first support
surface 112 supporting the outer surface of the heat
transfer tube 66 and a mounting surface 113 for the sec-
ond support member 321.

[0118] The second supportmember 321 has a plurality
of concave parts 122 and 123 and a plurality of convex
parts 124, which are continuously and alternately formed
along the longitudinal direction. The concave parts 122
and 123 and the convex part 124 have a trapezoidal
shape, and the orientation of the trapezoidal shape is
opposite between the concave parts 122 and 123 and
the convex part 124. The first concave part 122 has a
bottom surface 131, and a second support surface 132
and a third support surface 133 which are connected to
both sides of the bottom surface 131. The second con-
cave part 123 has a bottom surface 134, and a second
support surface 135 and a third support surface 136
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which are connected to both sides of the bottom surface
134.

[0119] Specifically, the lower surface 137 of the first
concave part 122 of the second support member 321 is
fixed to the mounting surface 113 of the first support
member 311 by welding. On the other hand, a predeter-
mined gap S1 is formed between the lower surface 138
of the second concave part 123 of the second support
member 321 and the mounting surface 113 of the first
support member 311.

[0120] The plurality of second anti-vibration members
302 press and support the heat transfer tube 66 by the
first support surface 112, the second support surface 132
or 135, and the third support surface 133 or 136. Thatis,
when the second anti-vibration member 302 is disposed
among the plurality of heat transfer tubes 66 arrayed in
zigzag, the heat transfer tube 66 disposed in each of the
concave parts 122 and 123 is supported at three points
such that the outer surface is in line contact with the sec-
ond support surface 132 or 135, the third support surface
133 or 136, and the first support surface 112. As being
supported at three points, this heat transfer tube 66 is
supported as being pressed by the first support surface
112, the second support surface 132 or 135, and the third
support surface 133 or 136 due to the elastic deformation
of the support members 311 and 321 of the second anti-
vibration member 302. The elastically supporting method
is similar to the first embodiment.

[0121] Inthe presentembodiment, the second support
member 321 includes a plurality of divided units (second
support member divided unit) 322 disposed in serial.
Each of the divided units 322 is formed such that the
second concave parts 123 that are not fixed to the first
support member 311 are located at both sides of the first
concave part 122 fixed to the first support member 311.
Specifically, the divided unit 322 is formed by pressing a
flat plate having a predetermined width and a predeter-
mined length to form concave parts 122 and 123 and the
convex parts 124 along the longitudinal direction. In this
case, the divided unit 322 is formed such that the first
concave part 122 is located at the central part, and the
second concave parts 123 are located on both sides of
the first concave part 122 via the convex parts 124. The
second support member 321 is formed such that the plu-
rality of divided units 322 are placed upright on the first
support member 311, and each of the first concave parts
122 is fixed to the first support member 311.

[0122] The divided unit 322 is fixed to the first support
member 311 by thefirst concave part 122. However, each
end in the longitudinal direction is not connected to the
end of the adjacently-provided divided unit 322 to form
a gap, and this can implement a structure in which the
second anti-vibration member 302 is easy to be elasti-
cally deformed. With this configuration, the heat transfer
tube can efficiently and elastically supported by the plu-
rality of second anti-vibration members 302. Note that
each end of the divided unit 322 may be connected to
the end of the adjacently-provided divided unit 322.
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[0123] In the vibration suppression member for heat
transfer tubes according to the third embodiment, the
second support member 321 is configured such that a
plurality of divided units 322 is disposed in serial, each
of the divided units 322 being formed such that the sec-
ond concave parts 123 that are not fixed to the first sup-
port member 311 are located at both sides of the first
concave part 122 fixed to the first support member 311.
[0124] With the configuration in which the second sup-
port member 321 is configured with the divided units 322,
the manufacture of the second support member 321 is
facilitated, whereby the manufacturing process can be
simplified and cost can be reduced.

Fourth Embodiment

[0125] FIG. 12is a flowchart illustrating a manufactur-
ing method of a vibration suppression member for heat
transfer tubes according to a fourth embodiment of the
present invention, FIG. 13 is a schematic diagram illus-
trating a pressing machine for the manufacturing method
of a second anti-vibration member, FIG. 14 is an explod-
ed perspective view illustrating the second anti-vibration
member, FIG. 15 is an assembly diagram illustrating the
second anti-vibration member, and FIG. 16 is a connec-
tion diagram illustrating the second anti-vibration mem-
ber. The basic configuration of the vibration suppression
device for heat transfer tubes according to the present
embodiment is almost similar to the above third embod-
iment, so that the vibration suppression device will be
described with reference to FIG. 11. Further, the compo-
nents having the similar functions to the above embodi-
ment are identified by the same reference numerals, and
their detailed description will be omitted.

[0126] In the fourth embodiment, as illustrated in FIG.
11, a second anti-vibration member 302 includes a first
supportmember 311 and a second support member 321.
The first support member 311 is provided with a first sup-
port surface 112 supporting an outer surface of a heat
transfer tube 66 and a mounting surface 113 for the sec-
ond support member 321. The second support member
321 has a plurality of concave parts 122 and 123 and a
plurality of convex parts 124, which are continuously and
alternately formed along the longitudinal direction. The
second support member 321 is provided with a second
support surface 132 and a third support surface 133. The
lower surface 137 of the first concave part 122 of the
second support member 321 and the mounting surface
113 of the first support member 311 are fixed by welding,
and a predetermined gap S1 is formed between the lower
surface 138 of the second concave part 123 of the second
support member 321 and the mounting surface 113 of
the first support member 311.

[0127] The second support member 321 is configured
such that a plurality of divided units 322 is disposed in
serial, each of the divided units 322 being formed such
that the second concave parts 123 that are not fixed to
the first support member 311 are located at both sides
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ofthefirst concave part 122 fixed to the first support mem-
ber 311.

[0128] As illustrated in FIG. 12, the manufacturing
method of the vibration suppression member for heat
transfer tubes according to the fourth embodiment in-
cludes a process S11for producing the first support mem-
ber 311, having the first support surface 112 supporting
the outer surface of the heat transfer tube 66, on one
surface; a process S12 for producing the second support
member 321 (divided unit 322) having the second sup-
port surfaces 132 and 135 and the third support surfaces
133 and 136 for supporting the outer surface of the heat
transfer tubes 66 on one surface at predetermined tilt
angles, different from each other, relative to the first sup-
port surface 112; and a process S13 for fixing the other
surface (concave parts 122 and 123) of the second sup-
port member to the other surface (mounting surface) 113
of the first support member 311.

[0129] Inthe present embodiment, the plurality of con-
cave parts 122 and 123 and the plurality of convex parts
124 are alternately and continuously formed along the
longitudinal direction to form the second support surfaces
132 and 135 and the third support surfaces 133 and 136,
and the concave parts 122 and 123 are intermittently
fixed to the first support member 311. The first support
member 311 and the second support member 321 are
fixed by welding. In this case, they are preferably welded
with spot welding, arc welding, or laser welding. If the
laser welding is used, a deformation (distortion) by weld-
ing heat can be suppressed.

[0130] The second support member 321 (divided unit
322) is formed by a pressing work. As illustrated in FIG.
13, a pressing machine 401 includes an upper die 411
and a lower die 412, wherein the upper die 411 can move
up and down relative to the lower die 412. The upper die
411 and the lower die 412 have a convex form 411a and
a concave form 412a corresponding to the first concave
part 122 of the second support member 321 (divided unit
322), a convex form 411b and a concave form 412b cor-
responding to the second concave part 123, and a con-
cave form 411c¢ and a convex form 412c corresponding
to the convex part 124. In this case, a height equal to the
predetermined gap S1 is ensured between the convex
form411aandthe convexform411b, while a heightequal
to the predetermined gap S1is ensured between the con-
cave form 412a and the concave form 412b.

[0131] Accordingly, the second support member 321
(divided unit 322) can be manufactured by the pressing
machine 401 such that a flat plate material B with a pre-
determined length and a predetermined width is placed
on the lower die 412 as a material of the second support
member 321 (divided unit 322), and the upper die 411 is
lowered.

[0132] Specifically, as illustrated in FIGS. 14 to 16, the
first support member 311 having the first support surface
112 and the mounting surface 113, and the second sup-
port member 321 (divided unit 322) provided with the
second support surfaces 132 and 135 and the third sup-
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port surfaces 133 and 136 by the concave parts 122 and
123 and the convex part 124 are prepared, and the con-
cave parts 122 and 123 of the second support member
are fixed to the mounting surface 113 of the first support
member 311 by welding W, whereby the second anti-
vibration member 302 is manufactured.

[0133] Asdescribed above, the manufacturing method
of the vibration suppression member for heat transfer
tubes according to the fourth embodiment includes the
process S11 for producing the first support member 311,
having the first support surface 112 supporting the heat
transfer tube 66; the process S12 for producing the sec-
ond support member 321 (divided unit 322) having the
second support surfaces 132 and 135 and the third sup-
portsurfaces 133 and 136 for supporting the heat transfer
tubes 66, the second support surfaces 132 and 135 and
the third support surfaces 133 and 136 for supporting the
heat transfer tube 66 are set at different tilt angles each
other; and the process S13 for fixing the concave parts
122 and 123 of the second support member to the mount-
ing surface 113 of the first support member 311.

[0134] Accordingly, the first support member 311 and
the second support member 321 can be manufactured
by using a flat plate material having a predetermined
length, whereby manufacturing performance can be en-
hanced, and processing cost can be reduced.

[0135] According to the manufacturing method of the
vibration suppression member for heat transfer tubes in
the fourth embodiment, the plurality of concave parts 122
and 123 and the plurality of convex parts 124 are alter-
nately and continuously formed along the longitudinal di-
rection of the second support member 321 to form the
second support surfaces 132 and 135 and the third sup-
port surfaces 133 and 136, and the concave parts 122
are intermittently fixed to the first support member 311.
Accordingly, the first support member 311 and the sec-
ond support member 321 are intermittently fixed to each
other, whereby processing cost can be reduced, and the
heat transfer tube 66 can elastically be supported to ap-
propriately suppress vibration.

[0136] In the manufacturing method of the vibration
suppression member for the heat transfer tubes accord-
ing to the fourth embodiment, the first support member
311 and the second support member 321 are fixed by
welding W. Thus, the processing cost can be reduced.
In this case, laser welding can be applied, whereby ther-
mal deformation caused by the welding W can be sup-
pressed.

Fifth Embodiment

[0137] FIG. 17 is a schematic diagram illustrating a vi-
bration suppression device for heat transfer tubes ac-
cording to a fifth embodiment of the present invention,
and FIG. 18 is a schematic diagram illustrating a first
support member. The basic configuration of the vibration
suppression device for heat transfer tubes according to
the present embodiment is almost similar to the above
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first embodiment, so that the vibration suppression de-
vice will be described with reference to FIG. 1. Further,
the components having the similar functions to the above
embodiment are identified by the same reference numer-
als, and their detailed description will be omitted.
[0138] In the fifth embodiment, as illustrated in FIG. 1,
a second anti-vibration member 102 includes a first sup-
port member 111 and a second support member 121.
The first support member 111 is provided with a first sup-
port surface 112 supporting an outer surface of a heat
transfer tube 66 and a mounting surface 113 for the sec-
ond support member 121. The second support member
121 has a plurality of concave parts 122 and 123 and a
plurality of convex parts 124, which are continuously and
alternately formed along the longitudinal direction. The
second support member 121 is provided with a second
support surface 132 and a third support surface 133. The
lower surface 137 of the first concave part 122 of the
second support member 121 and the mounting surface
113 of the first support member 111 are fixed by welding,
and a predetermined gap S1 is formed between the lower
surface 138 of the second concave part 123 of the second
support member 121 and the mounting surface 113 of
the first support member 111.

[0139] Specifically, as illustrated in FIGS. 17 and 18,
the first, second, and third support surfaces 112, 135,
and 136 (112, 132, and 133), serving as the contact sur-
faces with the heat transfer tube 66, of the first and sec-
ond support members 111 and 121 are provided with a
dimple 501 having a plurality of dents 501a. In this case,
the heat transfer tube 66 is supported by three support
surfaces 112, 135, and 136 (112, 132, and 133). There-
fore, the dimple 501 may be formed on at least one of
these support surfaces.

[0140] The dimple 501 is formed such that a plurality
of dents 501a is arrayed in zigzag. Each dent 501a of
the dimple 501 is a bottomed hemispherical hole formed
by denting the support surfaces 112, 135, and 136 (112,
132, and 133). Each dent 501a has a size by which liquid
can be held by surface tension. The size of each dent
501a is appropriately determined according to various
parameters such as an internal temperature of the steam
generator or a viscosity coefficient of liquid adhered on
the support members 111 and 121. The dimple 501 thus
formed has a pattern shape capable of holding a liquid
phase of a secondary coolant passing through the heat
transfer tube bundle.

[0141] In the vibration suppression member for heat
transfer tubes according to the fifth embodiment, the dim-
ple 501 having a pattern capable of holding liquid is
formed on the support surfaces 112, 135, and 136 (112,
132, and 133) of each of the support members 111 and
121.

[0142] With this configuration, the contact portion be-
tween the heat transfer tube 66 and each of the support
members 111 and 121 can easily keep a liquid phase
state, whereby a damping effect by liquid can easily be
produced. With this configuration, the effect of suppress-
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ing vibration by the second anti-vibration member 102
can well be applied, whereby the vibration of the heat
transfer tube 66 can suitably be suppressed. In addition,
the contact portion between the heat transfer tube 66 and
the second anti-vibration member 102 can easily keep a
liquid phase state, and this can prevent the generation
of contamination deposited due to a gas phase state on
the contact portion between the heat transfer tube 66 and
the second anti-vibration member 102. Accordingly, trou-
bles such as corrosion of the heat transfer tube 66 by
contamination can also be prevented.

[0143] In the vibration suppression member for heat
transfer tubes in the fifth embodiment, each dent 501a
of the dimple 501 is hollowed relative to the support sur-
faces 112, 135, and 136 (132, 133). Therefore, damage
to the heat transfer tube 60 by the projections projecting
from the support surfaces 112, 135, and 136 (132, 133)
is not generated, whereby the vibration suppression
member can well be in contact with the heat transfer tube
66 without causing any damage.

[0144] The vibration suppression member in the fifth
embodiment has the dimple 501 as a pattern capable of
holding liquid. Accordingly, liquid can suitably be held on
the support surfaces 112, 135, and 136 (132, 133) with
a simple configuration.

[0145] The fifth embodiment employs the dimple 501
as a pattern capable of holding liquid. However, the con-
figuration is notlimited thereto. A plurality of grooves may
be employed as the pattern capable of holding liquid, for
example. A plurality of grooves may be formed in parallel,
or a plurality of grooves may be arrayed in a lattice.
[0146] In the above embodiments, two concave parts
123 or 222, which are not fixed to the first support member
111, 211, or 311, of the second support member 121,
221, or 321 are disposed between the concave part 122
or 222, which is fixed to the first support member 111,
211, or 311, of the second support member 121, 221, or
321. However, the configuration is not limited thereto.
One or three or more concave parts 123 or 222 of the
second support member 121, 221, or 321 may be dis-
posed between the concave parts 122 or 222 of the sec-
ond support member 121, 221, or 321.

[0147] Inthe above embodiments, each ofthe concave
parts 122, 123, and 222 and each of the convex parts
124 and 224 has a trapezoidal shape. However, they
may have a triangular shape, or the shape of the concave
part and the shape of the convex part may be different
from each other.

[0148] In the above embodiments, the predetermined
gap S1 is formed between the concave part 123 or 222
of the second support member 121, 221, or 321 and the
first support member 111, 211, or 311 to press and sup-
port the heat transfer tube with three support surfaces
112 0r212; 132, 135, or 232; and 133, 136, or 233. How-
ever, if the first support member 111, 211, or 311 and
the second support member 121, 221, or 321 can be
manufactured with high precision, the predetermined gap
S1 is not necessarily formed.
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[0149] In the above embodiments, the vibration sup-
pression device 100, 200, or 300 is configured to include
the first anti-vibration member 101 and the second anti-
vibration member 102,202, or 302. However, the number
of the second anti-vibration members 102, 202, or 302
is not limited to the number in the embodiments, but any
number may be set. The vibration suppression device
may be configured to include only the second anti-vibra-
tion member 102, 202, or 302. The concave part 122,
123, or 222 and the convex part 124 or 224 are not nec-
essarily formed throughout the entire length of the sec-
ond anti-vibration member 102, 202, or 302. They may
be formed only on the outer periphery of the U bend por-
tion 68 on which the heat transfer tubes 66 are likely to
vibrate. In addition, the second anti-vibration member
102, 202, or 302 is not necessarily formed into a V shape,
but may be formed into an | (bar-like) shape.

Reference Signs List

[0150]

13 STEAM GENERATOR

61 BODY PORTION

62 TUBE BUNDLE SHROUD

63 TUBE SUPPORT PLATE

64 TUBE SHEET

66 HEAT TRANSFER TUBE

67 HEAT TRANSFER TUBE BUNDLE

68 U BEND PORTION

100, 200, 300  VIBRATION SUPPRESSION DEVICE

101 FIRST ANTI-VIBRATION MEMBER

102,202, 302 SECOND ANTI-VIBRATION MEM-
BER (VIBRATION SUPPRESSION
MEMBER)

103, 104 CONNECTION MEMBER

105, 106 HOLDING MEMBER

111,211,311 FIRST SUPPORT MEMBER

112, 212 FIRST SUPPORT SURFACE

113, 213 MOUNTING SURFACE

121,221,321 SECOND SUPPORT MEMBER

122 FIRST CONCAVE PART

123 SECOND CONCAVE PART

124, 224 CONVEX PART

131,134,231 BOTTOM SURFACE

132,135,232 SECOND SUPPORT SURFACE

133,136,233  THIRD SUPPORT SURFACE

137,138,234 LOWER SURFACE

222 CONCAVE PART

241 SPACER

322 DIVIDED UNIT

401 PRESSING MACHINE

501 DIMPLE

501a DENT
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Claims

A vibration suppression member for a heat transfer
tube, the vibration suppression member comprising:

a first support member including a first support
surface for supporting an outer surface of the
heat transfer tube on one surface side; and

a second support member including a second
support surface and a third support surface
which tilt at different predetermined tilt angles
relative to the first support surface respectively
for supporting the outer surface of the heat trans-
fer tube on one surface side, and another sur-
face of the second support member is fixed to
another surface of the first support member.

The vibration suppression member for the heat
transfer tube according to claim 1, wherein

the first support member has a flat plate shape with
a predetermined length,

the first support surface is a plane continuously
formed on the one surface side,

the second support member extends along a longi-
tudinal direction with a predetermined length and has
a plurality of concave parts and a plurality of convex
parts which are alternately and continuously formed,
and

the second support surface and the third support sur-
face are opposed planes relative to the concave part.

The vibration suppression member for the heat
transfer tube according to claim 2, wherein

the concave part and the convex part each has a
trapezoidal shape, wherein an orientation of the trap-
ezoidal shape of the concave part and an orientation
of the trapezoidal shape of the convex part are op-
posite to each other.

The vibration suppression member for the heat
transfer tube according to claim 2 or 3, wherein

the plurality of concave parts of the second support
member is intermittently fixed to the first support
member.

The vibration suppression member for the heat
transfer tube according to claim 4, wherein

a predetermined gap is formed at a position where
the concave part of the second support member and
the first support member are not fixed to each other.

The vibration suppression member for the heat
transfer tube according to claim 5, wherein

the concave part of the second support member is
fixed to the first support member with a spacer.

The vibration suppression member for the heat
transfer tube according to claim 5, wherein
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10.

1.

12.

13.

the second support member includes a plurality of
second support member divided units disposed in
serial, and

each of the second support member divided units
being formed such that second concave parts that
are not fixed to the first support member are located
at both sides of a first concave part that is fixed to
the first support member.

The vibration suppression member for the heat
transfer tube according to any one of claims 1 to 7,
wherein

the first support surface, the second support surface,
and the third support surface have a pattern capable
of holding liquid.

The vibration suppression member for the heat
transfer tube according to claim 8, wherein

the pattern is formed by hollowing the support sur-
face.

The vibration suppression member for the heat
transfer tube according to claim 8 or 9, wherein
the pattern is a dimple having a plurality of dents.

A manufacturing method of a vibration suppression
member for a heat transfer tube, the method com-
prising:

preparing a first support member including afirst
support surface for supporting an outer surface
of the heat transfer tube on one surface side;
preparing a second support member including
a second support surface and a third support
surface which tilt at different predetermined tilt
angles relative to the first support surface re-
spectively for supporting the outer surface of the
heat transfer tube on one surface side; and
fixing another surface of the second support
member to another surface of the first support
member.

The manufacturing method of a vibration suppres-
sion member for the heat transfer tube according to
claim 11, wherein

a plurality of concave parts and a plurality of convex
parts are alternately and continuously formed along
the longitudinal direction to form the second support
surface and the third support surface, and the con-
cave parts are intermittently fixed to the first support
member.

The manufacturing method of a vibration suppres-
sion member for the heat transfer tube according to
claim 11 or 12, wherein

the first support member and the second support
member are fixed by welding.



14.

15.

16.

17.

18.

33

A vibration suppression device for heat transfer
tubes, in which a plurality of heat transfer tube layer
is formed by radially arraying a plurality of heat trans-
fer tubes with a predetermined space, a heat transfer
tube bundle is formed by stacking the plurality of the
heat transfer tube layers, and the heat transfer tube
layers adjacent to one another are disposed to shift
in an arraying direction, comprising:

a vibration suppression member disposed be-
tween the plurality of heat transfer tube layers,
wherein the vibration suppression member in-
cludes

a first support member including a first support
surface for supporting an outer surface of the
heat transfer tube on one surface side, and

a second support member including a second
support surface and a third support surface
which tilt at different predetermined tilt angles
relative to the first support surface respectively
for supporting the outer surface of the heat trans-
fer tube on one surface side, and an other sur-
face of the second support member is fixed to
an other surface of the first support member.

The vibration suppression device for the heat trans-
fer tubes according to claim 14, wherein

the first support member has a flat plate shape with
a predetermined length, the first support surface is
aplane continuously formed on the one surface side,
the second support member extends along a longi-
tudinal direction with a predetermined length and has
a plurality of concave parts and a plurality of convex
parts which are alternately and continuously formed,
the second support surface and the third support sur-
face are opposed planes relative to the concave part,
and the second support members adjacent to each
other in the stacking direction of the heat transfer
tube layer are arrayed such that the concave part
and the convex part face each other.

The vibration suppression device for the heat trans-
fer tubes according to claim 15, wherein

the plurality of concave parts of the second support
member is intermittently fixed to the first support
member, and a predetermined gap is formed at a
position where the concave part of the second sup-
port member and the first support member are not
fixed to each other.

The vibration suppression device for the heat trans-
fer tubes according to claim 16, wherein

the heat transfer tube is supported as being pressed
by the first support surface, the second support sur-
face, and the third support surface.

The vibration suppression device for the heat trans-
fer tubes according to claim 17, wherein
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19.

20.

21.

34

a mounting position of the heat transfer tube, which
is notyet supported as being pressed by the concave
part that is not fixed to the first support member, is
shifted in the direction away from the second support
member from a mounting position of the heat transfer
tube which is not yet supported as being pressed by
the concave partthatis fixed to the first support mem-
ber.

The vibration suppression device for the heat trans-
fer tubes according to any one of claims 14 to 18,
wherein

the plurality of vibration suppression members is
connected and held by a plurality of holding mem-
bers.

A vibration suppression method for heat transfer
tubes, in which a plurality of heat transfer tube layer
is formed by radially arraying a plurality of heat trans-
fertubes with a predetermined space, a heat transfer
tube bundle is formed by stacking the plurality of the
heat transfer tube layers, and the heat transfer tube
layers adjacent to one another are disposed to shift
in an arraying direction, the method comprising:

pressing and supporting the heat transfer tube
by at least three support surfaces of a vibration
suppression member disposed between the
heat transfer tube layers.

A steam generator comprising:

a body portion having a hollow airtight shape;
a heat transfer tube bundle including a plurality
of heat transfer tubes, which are disposed in the
body portion with a reversed U shape and
through which a primary coolant flows;

a tube sheet fixed to a lower part of the body
portion to support an end of each of the plurality
of heat transfer tubes;

an inlet side channel head and an outlet side
channel head formed at a lower end of the body
portion to communicate with an end of each of
the plurality of heat transfer tubes;

a feed water unit for feeding secondary cooling
water into the body portion;

a steam outlet formed at an upper end of the
body portion; and

the vibration suppression device for the heat
transfer tubes according to any one of claims 14
to 19.
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